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[ mm ] «^t'-A^-f :t >- 1 -A^Oftfi^rE^lt^ 

coat. ■t^£hibmwAmc^)^'^^mitmizi3ifhmm 




(2) 

1 

y r x^mmmxh i. ^ t t f-i. it^ii i im<^ 

[if*Tl3 ] ±MS^±W,\i. T i . V. C r . M 10 

Fe, Nb. Cu. Ni. Co, Mo, Ta, W, 
Zr. Ru. A^(Do-h'y^J:<bhl-:>Xhh^him 

1 - X Ox {fzfiL. A\mm^m,x-hh. ) xmLfz 
t^. 0. i<x<o. 7 5X'h^zt^nmt-tim 

#itt ^l>ff^II6lea^o^'^■x hmm. 

mizmtti^t^mmm^comm^^mi KiA-^^^^i^cox 
h^^d^^]y'jxhmmJ:'o^j:^]y'jxhm^mm±iz 30 

m%commzf^-^~-y7'-th ^ t ^W'^t^u^mm 

[ it^ia 1 0 ] m9\wju.i«iwt^z X K) nm-h ^ t 
mm 1 1 ] ±Mtm9vw^xit^wti±. 1 5 0 

nm— 4 1 Onm-r'^|..ri;*^1ti:-t-S.it3R^l Oie 40 

[ If 1 2 ] -Mmrji^ \} , *E«T7Px? xiiK/K 
a ^>i!'-^< 1 1 1 a^fflv^TJi^f ^ t ^wm 

mt^h^^^mKi.'.ziM.vi^x vm^mm-h^Lh 
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2 

< h 1 1 ffi>6-^>^sjf ii-c?)S ^ ^W'&t^^mim 

1 4iEttc7)i)tfflSlIXS-s£, 

[ft^^a 16] -/ ^' y y i5'"SX{±^»^tC j; D ± 

iWM 1 7 ] ±iBx^N° V ^ u y^^&ti, j^^K*^ 

[If iRiI 1 8 ] XIBM^^^Mtt, T i , V, C r , M 
n, Fe, Nb, Cu, Ni, Co, Mo, Ta,W, 
Zr, Ru, Ascr,o-h'_p-^j:<thl-:>X'h^^him 

[000 1] 

'mzmL. mzmm-^^wmmm^Mt^m^ 
{zfm-h . 

[0002] 

\mk(nwm 'im<^y=m^. '±^^fMx^ mmcff^ 
^ xm^mmoi^h fz>sb(n u y 7 ^ i^*fTt{iiSc+ 

[0003] wmm--^&mm.'^^iL^^h^&.h lt 

^mmt^^mmi^mi^xmmx'h'o . ms^j:'r^uxm 

mziiyF\f!i^xh^. 

[0004] ^zx\ m^(7^m^mmt m-ym^m^^ 
^^ti^i^-mj:^&mmcr>m±^mi>^mtLx. mmcoij 
mizx.^^m-^ib'^. imi^y h-^x^ tm^tim 

m^-?x.^^m^^^^tmiimm^fixi^^. ^^izm 
co^mtLx. u'yxhi^mti-^yjm"^. 
xhim^'^i>ij^<^m?f-t^^^tix\^^^ . 
[000 5] m^xu , mtisj vi'^iy'jxh-. 
^t^mmu>'X hm<r>^mui^x h t , mytmt txm 
9m t i:m^^^^fzmytyjmt--mmz!j^<nhtix 

^ cojfmxiK<m^^^tixi^^hc7)xh^:i)K ^^m^^ 
m^-^zt tea LTR^^gp t ^s^^a? t comT^mc^v^^ 

[0006] zixhznLx. iim]y'jxvmm^xh 
h <^xm^m h ^mm^ h (r)m.^mxmm^xj -^9- ytfi 



(3) 

3 

m.'t^'^miib^h^. mtli. Jpn.J.Appl.Phys.Vol.30 

(1991)pp3246t:i3V^T. M0O3 WO 3 ^^l^iyXh 

mHUJimtfim-fi-^flX^^h. trz. Jpn.J.Appl.Phys.Vo 
1.35(1996)pp6673tCi3V^T{i. Si02 trl^i^'XhWW 

SPIE \ol.3424{m8)pp20l>Zl±:^)Uay-r^ 

l^iy'X hmmt tTfflV\ Uifmb LXm^4 7 6 nm 

aViS^ 5 3 2 n m<7) l^— rMt^t*^^-fe JVyVT 10 

[0007] 

^^'h'^x«^^I7t^^>f^ t T iiq^T-fc hfz^. mmj^m t 
[0008] t*^L=s:**^>. f}}vny^A Ymmt. m 

^t^tVi-3flJ*^*-r-?. too. Ag2 S3 . Ag-A 
S2 S3. Ag2 Se-Ge Se^tOA#:t*W^rWf^ 

[00 09] --^^ mm%x\i^mm^^fzy ^ v y 

V -fyy ^Wk\±. DRAM (Dynamic Random Access 
Memory ).Flashpf^:U.CPU( Central Proces 
singUnit) .ASIC (Application Specific IC) ^ 

HH. EL (Electro Luminescence) . PDP (Plasma D 
isplay Panel) ^O^^x^^'^X. ^KliiSft. 

m^(^^^^^ X. mcrt^m^fj^A x(Dwmt.z^mz 

(CD) (a^^M) . ^^m>i,TiV'Dm\zKm 
'^fthm7m'om-m^'f^x9<rmm&m\<zmifxx:xr 
\izmm-h. 

[0 0 1 0] ^xvx^ji. mm^^^^^-zY^^' 
f}~ifs^^~Ym<^itm^\.zmmi:mM(n-^\,z. tjv 4o 
\.zmimnz^mmmm^ fL-fzmmmmi\,z-^-t 

[0011] :L(n^'bt£^'f ^x9<rMMmVif^^-v 

\t. mmmexf - ytimmmzmwL^f\.fz7.^ v/^^ 
m\^x . s«±(c,-£iitaoapjffit^yMy\°^-y 

[0012] M;i{s\ mm^^'^\,zm%^z\.fzij7xm 
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4 

[00 13] ^LT. fmL^cX^yyN°Srffl(.^TltaiB!c 

mmm<nmM'jk'm(^mmjmhz j; t . ;k y ^ - 
^zKmm. ^mmmi^-th zti^zx'o^y'^x^ti^ 

[00 14] i07t7^'^'X^'tciS#i§#i.?>'ltfg^g«ii:. 

mmm.it. u^jxhrnizu—^mzx^m^^'if-yxm 

[00 15] i!^KO*fflDVD (DVD-R 

OM) tiSV^Tti. X^-yylitCi^f >y bAO. 4// 

m, h^-/i5'f -yf-0 . 7 4//m(7)b°-/ ^?[J;^!iX^^°-f ^ 

^tltzm^l 2cmC7)±f' ^ X9C7)^ml<Z4 . 7 GB CD 

mmmmirmzitx^^h. 

[0016] Zcoi:d ^j:miS.cr>ytf ^ x^j^mi^Z'^m^^ 

v-Jx vmmi^mth u vyy ^ xs-cii. ifeS4 i 

3 nmOI^— r'^:. ffini^NAi: LTO. 9 Oluf* (i?i| 

[0017] jfi^o'ff fgaiftav'B«Masffiomji^c 
b^tix\^h. mui. "fi^^jv^z^^^^tx^cDm^ 

U±.f^zhh J^iS^tT^x ^x9\zi5\,^Xlt. ^fitxtn 

un^mmj^iiz j; o iffg 1 2 c m o^e^ ^x^ o>tH 

<7)S*tiB;t •?)/:-:*6(:{i:. ;^b° v b^Sr 0 . 17// 
m, b^>-/i?b°>/^Sr0. 3 2//mmm^4T1SW^:-r 
Ste^^J^)^S>S. 

[0 0 18] h:L^X\ 3ti!i<50^«Sr A (xim) i: t. 

s>rjf5D^yxoiHPiS[^NAt^i>^:. m^^ft^mM^ 
^vh^p { fj.m)i±. vxf<7^^ ( 1 ) xm^tLh. ^ 
Kititmm!.xh^. 

P = K ■ A/NA ■•• ( 1 ) 

t^xhu-^mm<Di±mi,zX'^xmti>msx'$>K) . it 



(4) 

5 

[0 0 19] tulEDVD^03t7'>X^^^^-rS**^ 
4 1 3//m. MPiScNASrO. 9 Oht" 
§ h . «@b° >y h 0 . 4 0// mX'h h fz^. ±1^ 
( 1 ) J:0J:bM^^K = O. 8 7i:^rS, 
[00 20] ^tt:;ai^^^ffiltlHt°.y hOff^ 

^flMK^-^J: L, ^Ji.ifNA=0. 9 5 
1/-- r-ifeSt tTA = 0. 1 8//m03ti!Sj&ii£^ 

[ 0 0 2 1 ] iiT'sg^St^Si^^^RO . 18//m(i, 

1 9 3 n mOA r F V-^ii 0 . i 

AtosiS;ft^t;i:*r!f5!)U'yxoPBPicNAO:;*;pg^t;ht: 20 

i:-iX±mf^t£mm.m^±.wxmmmM:L\,znm-^^ 

mi. mmimmm\>z\f'yxm^<7^mitmm.t>^m.mx-^ 

fzi^i/z^ sw^x^-n'^ xm^^mzi>±mibx^-mnvh 

[00 22] ^iT-*5|0fliSic7)J; o ^r^^cO^^^i^fSr 
^>'b'-A#cD*{iiii^cBS|tga^fflV^I> i ^^C< . aft 
SffJt^^. ttz. ZcoUi^XhmAim^^^Zt^z^ 30 

[0023] 

-^mmzn Lxmmxh o ®itx*>i= t < /h$ v ^c^t- , m 
9mxit^m^imym t^^ mmmjLtimmx'h ^ , 
[0024] :itnzMLx . :^mnmi^iimi(7)m^. 40 

ti^-mi t 'ic^m-imcom9mxi±mmzn^^ m.u 
ti-mm:k^ <^j:^bthiz^ m9mxiimmimm-t 
^^tiziK) ^(^immmtfi^it t . u'j^ hMmR 
r/wmtuji-^m^c^ymmi^^m^x-h ^zt &.at±i l tz 

•t^^hib. iiltcj; y)±tS^ ( 1 ) tciiUTirtMSifcK 

[002 5] r^%mf<zi^.^v'Jx vmMiiMc^^mz 
^xmm^tifz i> <Dx-h 0 , m^m<m-^^mi\L 50 
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6 

m^^tsvi^xYmAx-h-yx. tm^-^mitrnt. m 

[0 0 2 6] tfz. :^mmz^:^msmT.-j3mii. 

^^m^mmm^mcr)t o a i>mmi^zjL^tfZ'{t'^m.m 

xvm^wm\,zm%\.. wm^xf^mmmz)^-^- 

[0027] ^zx\<^omw^m<D:^^^mimbii. 
^^^mcot D o trnmizmt^^trnmrnm^^ ^mm 

■^^R:^^{i'-^^\-^yjmt,zi'ixfz'i\:^mcoz t . -r^hibm 

[ 0 0 2 8 ] ^ia. A«*-irtfiS^(c 

[0029] ^wmv'Jx vmA><zm\^^jfih'^± 
m<^T-^Mkim\i. m^mx'^mwti.zn^hmsLt: 

^mv^^zht£<m^'^mx-h^. t.fz. jiff^jRo^ 
^■^mitrnm^^^x h h tzmz , ©^^^ ^ § 

[0030] 

[0031 ] :^wMcr)u=jx hmmit. m^^mco:^^ 
^itmx'h^. ^^x\ ^^^mco^^-^m-imit. 

m^^m<^t K) d ^mm^zmtrzit'^mm^mx *^mm 
^^mti-'j'-^^^^yji^izi^fz^t-^mcozt. -t^h-hm 
^m<^^^-^m^tmzi5ifhmm!^-^^Rti^. iim 
^^mcot 0 a hminzmtrzif^m^m^c^mm^^ 

[0032] mm. m^^^m<om-imt Lx^t^^m 
0O3 trmizmifxmmt^, -ft^^Moos o^^t*: 

si^ffljjScSij-^M 01 - ^ i^zmM-^i t. X = 0 . 7 

5 OJa^:*i^^KfbftT-#j ^ Otc*^ L T . 0 < X < 0 . 

[0033] t.tz, w&r^mx-ii 1 ':jcr)jtm±Hmm.com 



(5) 

7 

s « mnmoit. 9ci<z^M^fz 3 Wi^ss^tif^ ( m o 
Ob ) tmi^^^x-h^iiK ^(^mizimcom-imi (m 

oo) ii^-th. io%&t;i{ifflfi!<;fJ-&Moi - ^ o 

^izm^-t^t. o<x<o. 5<DmmfHT$>hb^it 

[oo34]^coj;a ^j:m^^mco^^^m^mi± . m lo 
nuxitmmi^zMLxmm l , ^^'hfixfi^?!?^ 

ytmmfx (7) h ^ 0 . ^^Wtg^ rS46 ^ i t *^'T-§ s . 
[00 3 5] t i^T-\ ]Sf^^M^^^^^KM*lii. S 

if, mm^m(n'^im\m<n\t'^m^m.^s.i.'o±^^zm 

[ 0 0 3 6 ] Pi/x h«^4*«)ja-r-i..a#;e^^ca^^AM 

hLTii, Ti. V, Cr. Mn. Fe. Nb, Cu. 

Ni. Co, Mo. Ta,W. Zr, Ru, A sWtf^^ 30 
tfi^tlS^ i<7)*T-t. Mo,W, Cr.Fe.Nb^ 

^t^ff^^-ftini^ti^^t^^'ofzmA-'^mzMo . 

L/^: t c7) . $ i,zmmmmcow^^m^m\i ttz 

i> (D . m^^mi:)Mm<7)7Lm-^mM^tifz t ^o^o^. ^ 
mi.. ^^BjoteHtc-^i^i. mzmmmco^mTtm 
^^tshmmtu^. ^j:t5. im<^m^±m<^^^^ 40 

BtMJijwffitc. m2cr>mw^mi:muLfzi>cr>. $^>t: 
3 ffliii±t^)jif^#« ^ mm L /t t coio**-^ . iSB^HffijSio 

m^tifzi>cot^t^fi^tf^. ^ti^mmM<7)m^^ 

mt-h "9 0 ^Mt'^mwim.mznLxmm-^^m^^&L 

[ 0 0 3 8 ] m^mi^jn-cmcoTmt Lxi±. 

AK B, Si, GemcOo-h'J^^^Ktijimm 

m^mx'h^. 2miii±crimm^mt:m.^^xm\>^h 50 
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tizx<o. ^^^m<7)yf^^m^mco^mLm^^ < ts: 

hcDx\ nm^b^m^uhcom^mti^^ ^\^zmmhti: 

[0039] ^fc, IMV-JX httm^t. 0fSO3^^ 

j'^-y^\ryymzX'oxi'm-rmii:\^. mx.u. i~^r 

y^^~[^^c7MX:ffX<7)-MfAt,zMLX02 ^5 — 2 0 

1 OPa) 

[0040] ±a!Oi-i^'x hWS^ffli^^JtMJp 

iL-^mi^z^^^xmm-t^. 
[004 1 ] :^%mcommiL-nmi±. mui. 

Lxv~j7.hm^mm-hiMt. vi^xhrni^zm^m 
f^zm^Lxm^^ix^nnt. viyxvm'i:Mmzi^'^ 

Xm'M.cryJ^^-yhZ-thJMhti-^io-^^h . \il~YX-\i. it 

commmjiifmimm Lfzm^z-:>\-^xmm-t^ . ^m. 
«^ 5rm^ xv^w xcr,wmMj:i,zmm^mx-$> :^zti± 

[0042] [ bSmxg] 5fe-r, 

izm^t^tifzmm±iz^ mw^mc^^r^^-^m-imf)^^ 

^ffll , TlVdySOf^mmmfPX^XJ n° u y ^" 

'mzi:y)m^^fto:Hmt,mf^^tLt. z^^^zit. 
(TiX) N° -y ^ ^°'7- s .r i: t J; 0 mmth , 

[0043] t/^c, 5fetciS^/i^M^-^-'-/ hSrfflV^/^c 

b ^Wi\'^xm.n<r)r)\^^ymm9A^x'x.n-; 9 u >'^'"'e 

v-jxYM'k wmz^mx' % h . 

[0 044] x^^-y^'jy^mcom. mmmiz 

^^i.z^m'^^x-h^ . 

[0045] mUthXM. ij'yx. 4^y^-4<^— b 
^COT^X^'y^. v-Uny, T}V^^^^yfj~fM 

[0046] v-jx vmo:>mm,i^mzm&^mx:iih 
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9 

^\ 1 0 n m— 8 0 n mCOmW^Ht-t^ Z t 

[0 04 7] i^^jxhmM'f^xMi mz. ly=JXhm 

So 

[0 04 8] zcomy^mmit. u'jxhm-iimy&^ti^ 

hmm.i(^Ui^:^hmi,zy^~:^i^y^^tixmM^^ 
1 9\,zmh. :^^-*XT^^aX-^ 1 9(i. 

-^im 2 0 . KitT^m-^ 2 1. M/hy-y^y^-'m 

Hfi-f - 2 2 i: tC^^V . ]y -^'mmm^ 2 3 *>'b'-A 
1 2 ^fiJfP L^rj&-'^b®3tX{i7 ^ i^y^'^^t 
do lcr)fp't"m(iZl±X}z°y]< 
;P^-^$(J«*2 4>^)^IStt^>n, 3t^*0^^fjiai:FJt 

Mlx\L°y]i)i'^-^comMino , 30 

[0 04 9] t€*<7)WiSl''J>'Xh:{)^^,^'SUi^'XbMK 

ii, ^mv''yxh(7)m±izM^h^f^fimmc^^4t:^m 

-5T i> . ^<J03KiOS§|tt;j; TWlSW43&^^>5rl> 1^ i^x 

hmi,zyfm^m^i/^nhtihfci^x'hi>. ^cofz>ib. * 

3 3 n mtO#feO^M&^iMfflSL. -e«0?^T7 ^ 
i^y^trn-oX^^fz. ^c7)XdlZ. m^CDW^Ui^Xh 40 

•M'mfj^^m^^yemm^mf^'^ ^n^^^-^cox-tft 

mmmmizwmb^^:^zt^. ^(^axhtf-ma-t^ 

^mmxit. Mm]yyxco^^{m.mm^zm\^^fii,y 
^ xm^m'^(r>jfmmi>'^mnzmv^hmm ( mm 
m.M6 3 3 nm) comMi^ztm-tifz^^z. mmzm^^ 

fzy^-:^yy::^'iffx.^^^-^t\^'ofzr^mi^-t^. 

[0050] Htll^zMLX . mm]y -JX h Xhhif.WR 50 
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1 0 

<7:)V-=JxVMfAli.. 02 tS3ttfflV1|,3t^^S^o{Slty^°v 

-t. m^^h^m±mhx-(riJi-y^y'/m.m<nm (a 
yhyxh) t<7)mmi ^^xoiz. mmzftth^t'^ 
m^mco^^t^mibxM.mxhi>. ^=5r>b^. mytti-m 
t^^timMmm^-^v-p o ^m(r>mMP^'7~i,zM lx 
ii.m'om LcommizM lx h ^^^mmmhti^j:^ ^ 
fzi^. p 0 ^mcomm^ ^° v - 1 j; x mytyem s mx y 

^ -;*!7 i^'SrsS^tt.!. i t ii^^^f g i: ^S . Lf^^i-? X . 

^w^<^v-jxvpi^x\t. H^itraffl^^v-po^jito 
v^i.Ta-tx-C'i;^i: ^thhmHmmm\-^<^i] -y v 

[0051 ] XSiCOJ: -5 H^ltWffl^NV-P 05fe5tco 

3KSrfflv^T y ^-ij^^yy^tmtz^k. ff^mn^WSM. 
i,z^-y^-y'!Ui ii%m^^^. z^xu, MVaiy 

yxi5mc^m'¥^c7m^yj[^c'MmimML. ^-y 

^-y;H \ ^imi^^hZh\,zi.'^xi^VxYW&\ 

1 ^ttSL/t^-y^-^vn 1 ^mM.L%mk<r>>m. 

^^LXijis^^hts:^^. 

[ 0 0 5 2 ] tT , b'-A^^i® 12*^^ T^tS: 

lyxvm^^znLxm'mVio . z<nmm±. ^~y^~ 
y')Vi i^m%.^-^^£t>^h. i^'JxhW&ic^m^^^ 
tc^->T--7';n 1 ^mmm\>zm.ii-t£Wii^'m)Z 
^hzh^zi^-^x. mwciojtft. -ttsh^tmm^ 
^ x^cDm^iixj-^-^ yjy-\)tcr)mf^mimi&-t^ . t 
fz. yty"^ x^com^izit. mma<7)mmtLxmm 

fz. ^ x::^m(^\s\-\:-Fi^(D h y >/ ^'^^^'ffli/-. 

hti^^^ x^iim-t^mi^zii. 9~y^~'f}V\\ 

[0053] ±3*0 j; d t^m.'mzi. D . ffl fgx-^t^^E 

tTb^y ^x{i*l*I^i^^*fJ^^L^cHSl^raffl^^°v-p om 

1 OFJf a^fuB*^ ^> JIIJ^ Vi^XYM^zmML. IStK 
^^f3, Efg|^^N7i.X(7)M^. 1113 (a) &t/"03 (b) 
tc^L. j*ibtiO^JSrll3 (c) t^fo 
[0054] *^B^c7)3^AMc?)^^^K'fk!fll*^^>'5r^ 

lx h mmw n° v- p o K:x}L<nmmx\t 
mmrnm^z i t ^ (^\t^mwm.fi^{t l , rjvi] 
'}^\tmizm-h^-/^yrMmm%Uh ^m^Uh 

[00 5 5 ] Z^ht. f^St-'^V-^ffi<^>i.^M<fi 



(7) 

1 1 

[ 0 0 5 6 ] ^fc. *5|0H#^>{i. :^%m<r)\y'JX 
Wi: . iSfte 6 0 nm(7)#fe^##cV-if. iSft 1 8 5 

[0 0 5 7] [^>?XhJl3l«Xg] ;<7)J;at 10 

[0058] ^mkmrn-t Lxit. mxitnv^ ')m<nm 
i § ^ X V h r i -5 T jajm^ff-s i i: 

C:>tihr)VA^mm^t Lx\i.'fV'7^i-)vry^=^-^ 

-A/KIS-fb^tit. KOH. NaOH. Na2CO3^i0te 20 

im.. iSBS. eSBS. MBS^*fflV^l.^h*^-r-§ 

XvXJiRJiCftt-^ :t>'J^'yf-^^' (Reactive Ion Etchi 
ng :RIE) i: Pfjm-S. b' 7-^ ro-lr;j;.t: j; -pT t . ^ifX 

[ 0 0 5 9 ] S7t'SSc7)ilslfi:^'atc-:>V^Tl^iHJ5 

^imSiJ-^Wi - ^ o« (c}i»:L7tJ*^, x{io. IJ; 30 
0^. 0. 7 5*}Sc7)liHrtr-aff^rffi7^,'SJS//f#i^n 
!.« x = 0. ®^X^ici3{t.|.:A;^:& 

i.^O^II5-^*^'?l^t-i>Ell^flT*-&o ttz. x^O. 
4-0. 7Sjffii:-r-&^t-C'ft^>]Sv^K3tiS«?5^#^>ix 
I.. 

[ 0 0 6 0 ] iifc . -fk^^M o o 3 x-m^tih'^^m, 

itQ. IJ:^^. 0. 7 5*}ttfOliHl^TM=5r®3^^ 

js*^f#^>^xi.„ x=o. ut.m^JLmza 4o 

fz. xSro. 4—0. jmmt-t^ztxmi^m^myt 

[00 6 1 ] tfz. ^t^^M ooxm^ti^mw-^m<^ 
m-iammmr^Moi o^izmMtrzm-^. 

ni^ti^. cicoht, x=o. Hi. mytT.mizi5ii-i> 
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1 2 
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